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浓度(IC50)是 6.61uM、9.89uM，较 ATO（14.27 uM、24.25 uM）降低 54%、59.2%；

























结论：MnAsOx@SiO2-ZW 纳米药物比 ATO 对肝癌细胞具有更强的杀伤力，能够
有效的杀死循环肿瘤细胞来抑制肝癌的生长和转移。 
 

















Background and objectives: In the treatment of cancer, drugs can effectively inhibit 
the growth and metastasis of tumor and prolong the survival time of patients. At 
present, Liver cancer is not sensitive to chemotherapy and radiotherapy. Though 
surgical resection is still the first choice for clinical treatment of liver cancer, the 
development of new anti-cancer drugs can increase the therapeutic effect of liver 
cancer. Nano-drugs can better improve the target in the treatment of cancer. It gives a 
profound significance for the treatment of liver cancer. In this study, we investigated 
the inhibitory effect of the new nano-drug (MnAsOx@SiO2-ZW) on the metastasis of 
hepatocellular carcinoma, analysis of therapeutic effect and mechanism of 
nano-drugs. 
 
Experimental methods: We used CCK-8 cytotoxicity assay to test the half maximal 
inhibitory concentration (IC50) of different types of hepatocellular carcinoma cells. 
ICP-MS assay was used to detect intracellular arsenic ions concentration. The effects 
of nano-drugs on the migration and invasion of hepatocellular carcinoma cells were 
studied by Wound scratch assay and Transwell assay in vitro. To study the inhibitory 
effect of nano-drugs on the metastasis of liver cancer and its effect on the growth of 
tumor, through naked mouse tumor formation experiment and fluorescence imaging 
technology in vivo, By use separation of circulating tumor cells in the peripheral 
blood of mouse model of liver cancer on microfluidic technology method to research 
the treatment on circulating tumor cells where there will be changes. 
 
Results: CCK-8 cytotoxicity assay show that the nano-drugs have much higher 
cytotoxicity on SMMC-7721 and BEL-7402 hepatoma cells comparing with 
conventional ATO: the IC50 was 6.61uM, 9.89uM, lower than the ATO(14.27uM, 
















treated cells was significantly higher (39.13ng) than ATO (22.14ng). Which means 
Nano-drug can improve the intake of arsenic in hepatoma cells, and the significantly 
increasing intracellular concentration of arsenic could easily get tumor cells killed. 
Wound scratch assay and Transwell assay showed that the migration and invasion 
ability of tumor cells were decreased after the treatment with nano-drugs, there was 
significantly different from control group. The results of fluorescence imaging in vivo 
also showed that the growth and metastasis of HCC were significantly inhibited in 
mice model. At the same time, mechanism of the nano-drugs have also been further 
study, we detected the microfluidic chip and results showed that the mice model 
which was after nano-drug treatment in vivo, had dramatically fewer numbers of 
circulating tumor cells than other treatment, result in nano-drug can effectively 
eliminate circulating tumor cells in the blood, eventually reducing the metastatic 
ability of hepatocellular carcinoma in animal model. 
 
Conclusion: MnAsOx@SiO2-ZW has a stronger power than ATO for hepatoma cells. 
It can effectively eliminate circulating tumor cells to inhibit the growth and metastasis 
of hepatocellular carcinoma. 
 

















英文缩写 英文全名 中文全名 
HCC Hepatocellular Carcinoma 肝细胞癌（肝癌） 
DMEM Dulbecco’s Modified Eagle Media DMEM 细胞培养基 
PBS Phosphate Buffered Saline 磷酸盐缓冲液 
PMSF Phenylmethylsulfonyl fluoride 苯甲基磺酰氟 
RIPA Radio Immunoprecipitation Assay 放射免疫沉淀分析 
TBST Tris-Buffered Saline and Tween 20 TBST 洗膜液 
WB Western blotting 蛋白免疫印迹 
ATO/As2O3 Arsenic trioxide 三氧化二砷 
FDA Food and Drug Administration 食品和药品管理局 
APL Acute promyelocytic leukemia 急性早幼粒细胞白血病 
IC50 Half maximal inhibitory concentration 半抑制浓度 
ICP 
Inductively coupled plasma mass 
spectrometry 
电感耦合等离子体质谱 
EPR Enhanced permeability and retention 通透性增强和停滞 
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占肝癌死亡病例的 27.7%，其中包括 27.3%的男性和 28.6%的女性，但仍然高于




在上海附近的启东，除了一些年龄在 15-34 岁的人，从 1988 年到 2002 年，发病
率呈减少的趋势。而其他的人，从 1978 年以来，和年龄相关的发病率没有发生
改变[11]。 
1.1.1  肝癌危险因素 
根据流行病学数据可知，肝癌是一个可由多种危险因素和辅助因子导致的疾

















和非酒精性肝病脂肪性肝炎（NASH）[14, 15]。额外的增加 HCC 发生发展的因素
包括摄入黄曲霉毒素污染的食物，糖尿病，肥胖，某些遗传性疾病如血色病，及
各种代谢紊乱[13, 14, 16]。 
1.1.1.1. 乙型肝炎病毒 
慢性乙型肝炎病毒感染与肝癌的发生有关这是一个众所周知的事情[17]。据
估计全球范围约 50%-80%的肝癌与感染 HBV 有关，此外，在有 HBV 地方病或
HBV 流行病的地区 HCC 高达 75%-90%[18]。全球范围内，有 2.7 亿的人感染慢性
乙型肝炎，占世界人口的 5%，大多集中在肝癌高发的亚太和非洲地区[19]。现在，
有 75%的慢性乙型肝炎病毒携带者发现在亚洲。在这些地区，慢性乙肝肝炎病毒
感染占新确诊的 HCC 患者的 80%，某些亚太国家的肝癌发病率较低，包括新加
坡、日本、印度、斯里兰卡和斯里兰卡等[20]。  
1）HBV DNA 水平 
根据以人口为基础的关于慢性乙型肝炎与肝癌关系的研究发现，HCC 发病
率高的 HBV DNA 水平高（2000 IU /毫升相当于 10000 份/毫升）比那些低水平
的要高很多[21, 22]。高 HBV DNA 水平与 HCC 的关系不依赖于乙型肝炎 e 抗原（e
抗原）阳性，血清中丙氨酸氨基转移酶的水平以及肝硬化的程度[23-26]。在台湾，
对 1991 至 1992 年间收集的 3653 名乙型肝炎表面抗原为阳性，但 HCV 为阴性
的患者分析发现，血清中 HBV DNA 水平高的患者，在肝癌的发病率有所增加，
范围从每年 108/105 名患者的 HBV DNA 水平＜300copies/ml 至每年 1152/105名
患者的 HBV DNA 水平 200000 IU /ml（1000000）copies/ml）。另一项研究显示患
者 HBV DNA 水平情况适中（60 至 2000 IU /ml），相对于无 HBV 感染者，也有
较高的患肝癌风险和肝相关的死亡。在所有其他危险因素中，血清中的 HBV 




















HBV DNA与 HBsAg水平的结合能进一步提高HCC的风险率。 
1.1.1.2. 丙型肝炎病毒 
HCV 在 HCC 的作用是众所周知的，在西方国家和非洲，HCV 是重要的可
以导致肝癌的因素，在日本导致 HCC 发生的因素中也占到 80%-90%[31, 32]。HCV
感染会导致慢性炎症，增生以及肝硬化[33]。HCV 导致的肝硬化可以增加了患者
患肝癌的风险。尽管危险因素多样并且依赖于 HCV 相关的肝纤维化，但 HCV
















重度酒精摄入，定义为长时间摄入> 50 至 70g/day，是一个大家普遍认可的
引起 HCC 的危险因素。虽然有报道说酒精本身不会引起肝癌的发生，但持续长
期的酒精摄入可以增加肝硬化风险，肝硬化是 HCC 的主要危险因素之一。另一
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